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The neural correlates of emotion processing have been shown to vary with age: older adults (OAs) exhibit increased frontal activations and, under some circumstances, decreased amygdala activations relative to young adults (YAs) during emotion processing. Some of these differences are additionally modulated by valence, with age-related biases toward positive versus negative stimuli, and are thought to depend on OAs' capacity for controlled elaboration. However, the role of semantic elaboration in mediating valence effects in the aging brain has not yet been explicitly tested. In the present study, YAs and OAs were scanned while they viewed negative, neutral, and positive pictures during either a deep, elaborative task or a shallow, perceptual task. fMRI results reveal that emotion-related activity in the amygdala is preserved in aging and insensitive to elaboration demands. This study provides novel evidence that differences in valence processing are modulated by elaboration: relative to YAs, OAs show enhanced activity in the medial prefrontal cortex (PFC) and ventrolateral PFC in response to positive versus negative stimuli, but only during elaborative processing. These positive valence effects are predicted by individual differences in executive function in OAs for the deep but not shallow task. Finally, psychophysiological interaction analyses reveal age effects on valence-dependent functional connectivity between medial PFC and ventral striatum, as well as age and task effects on medial PFC-retrosplenial cortex interactions. Altogether, these findings provide support for the hypothesis that valence shifts in the aging brain are mediated by controlled processes such as semantic elaboration, self-referential processing, and emotion regulation.
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Emotion processing is well-preserved relative to other cognitive functions in aging, with little structural decline in the amygdala (Grieve, Clark, Williams, Peduto, & Gordon, 2005; Soininen et al., 1994) as well as few changes in the ability to detect emotional information (LaBar, Mesulam, Gitelman, & Weintraub, 2000; Mather & Knight, 2006) . However, there may be alterations in how older adults (OAs) prioritize emotional information relative to young adults (YAs), in that OAs tend to focus more on positively valenced information and less on negatively valenced information (e.g., Isaacowitz, Wadlinger, Goren, & Wilson, 2006; Kennedy, Mather, & Carstensen, 2004; Mather & Carstensen, 2003; Mather & Knight, 2005 ; but see Leclerc & Kensinger, 2008b; Mickley Steinmetz, Muscatell, & Kensinger, 2010) . Complementing these behavioral findings, OAs tend to show different patterns of brain activity in response to emotional material when compared to YAs. These differences have been characterized as under-recruitment of the amygdala (e.g., Gunning-Dixon et al., 2003; Iidaka et al., 2002; Tessitore et al., 2005) and over-recruitment of frontal control regions (e.g., Leclerc & Kensinger, 2008a; St. Jacques, Dolcos, & Cabeza, 2010) , a pattern that has been referred to as Frontoamygdalar Age-related Differences in Emotion (FADE; St. Jacques, Bessette-Symons, & Cabeza, 2009) .
Despite this gross characterization, amygdala findings have been mixed-although some studies report amygdala underrecruitment in aging (Fischer et al., 2005; Gunning-Dixon et al., 2003; Iidaka et al., 2002; Murty et al., 2009; Tessitore et al., 2005) , others report no change (Leclerc & Kensinger, 2008a; Mather et al., 2004; St. Jacques et al., 2010; Wright, Wedig, Williams, Rauch, & Albert, 2006) . This discrepancy has been linked to differences in emotion ratings between age groups: those studies that report rating differences tend to also report amygdala differences, whereas the others do not (St. Jacques et al., 2009 ). There may also be differences in responses to negatively versus positively valenced stimuli, with the latter eliciting enhanced activity in OAs relative to YAs 0028-3932/$ -see front matter © 2010 Elsevier Ltd. All rights reserved. doi:10.1016/j.neuropsychologia.2010.09.009
